Abstract Attempts have been made to improve dough handling properties and quality of legume based snack by incorporating extruded black gram (EBG) flour as partial substitute for raw black gram (RBG) flour. In present work overall quality improvement was achieved by analyzing (a) thermal properties of RBG and EBG flour (b) rheological properties (shear stress, shear rate, storage modulus, loss modulus, deflection angle and complex viscosity) of legume based snack dough and (c) post frying characteristics (colour and texture) of legume based snack. Three different legume based snack samples with different flour formulations (RBG flour, RBG flour incorporated with 25% EBG flour and RBG flour incorporated with 50% EBG flour) were prepared, characterized and compared with standard market sample. Dough exhibited shear thinning behaviour and G 0 and G 00 showed rising behaviour with angular frequency whereas, complex viscosity showed decreasing behaviour. Herschel-Bulkley model was best fitted. Significant changes were observed in values of onset, peak and endset gelatinization temperatures on extraction of black gram flour which improved dough handling properties during papad processing and enhanced organoleptic profile of end product.
Introduction
Extrusion cooking plays a vital role in many processing industries as a continuous cooking, mixing, and forming process which is versatile, low cost, and very efficient technology (Gat and Ananthanarayan 2016) . During extrusion processing raw materials has to undergo through many transformations such as starch gelatinization, protein denaturation, complex formation between amylose and lipids, and degradation reactions of vitamins, pigments, etc. (Ding et al. 2005) . Moderate starch content in black gram flour favors an extrusion process to produce directly expanded extruded snacks. During extrusion processing of black gram, starch solubilization and gelatinization can be achieved more conveniently and economically without any discoloration. Some of the researchers have worked on use of extruded flour for the quality improvement of idli (Singh et al. 1995; Kaur et al. 2000) . Similarly present study was also undertaken for quality improvement of legume based fried snack i.e. papad. In this paper quality improvement of papad was undertaken with use of extruded black gram flour as a partial substitute for raw (un-extruded) black gram flour.
Papad also known as ''Appalam'' is a legume based popular fried snack item in India. Preparation of papad mainly involves mixing appropriate mixture of black gram (Phaseolus mungo) flour salt and spice powders. Papad dough prepared by adding measured quantity of water into the appropriate mixture of black gram flour is rolled into a circular shape with uniform thickness and then drying to below moisture level 10%. Papads then normally consumed after roasting, microwaving or frying as an adjunct to the meal.
Knowledge of rheological behavior of papad dough is very crucial for new product development as well as for process scale up. Also in future rheological behaviour of papad dough will help in improving quality, sensory and process design of existing products of similar kind. Several studies have reported the viscoelastic properties of different flour batter (Sanz et al. 2005 ) and dough (Uthayakumaran et al. 2002; Izydorczyk et al. 2001; Lazaridou et al. 2007) . Rheological behaviour of black gram dispersions has been reported earlier by Castell-Perez and Mishra (1995), Reddy et al. (1989) . To the best of our knowledge, there is no comprehensive information on rheological behavior of papad dough prepared from extruded black gram flour. A significant change in apparent viscosity of extruded black gram flour may takes place due to presence of higher moisture content and thermal processing during the extrusion process. Therefore, it was necessary to have a basic knowledge of the influence of extrusion conditions on the rheological behaviour of the dough formulated from the RBG-EBG flour blend.
Papad belna has been used as a metaphor for any difficult task since time immemorial as rolling a papad is not an easy task. Dough of raw black gram becomes very hard during processing due to cohesive nature of protein-carbohydrates matrix of black gram and requires lot of mechanical energy and manpower efforts to soften the dough. Hence alteration in dough rheology becomes a necessity in papad processing. Dough rheology of papad is an important attributes from both engineering and consumer viewpoints. Present research demonstrated that partial replacement of RBG with EBG can be used as a processing aid in papad manufacturing to alter the dough properties by improving dough rollability and enhances quality of end product upon frying/microwaving/roasting. Present research will economically beneficial to manufacturer as it lowers down the energy requirement needed for softening the papad dough and increase efficiency of papad rolling. Therefore objectives of present study were to estimate the effect of addition of extruded black gram flour on (a) thermal properties of RBG and EBG flour (b) rheological properties (shear stress, shear rate, storage modulus, loss modulus, deflection angle and complex viscosity) of papad dough and (c) post frying characteristics (colour and texture) of papad.
Materials and methods

Materials
Black gram dal (VignaMungo L.) was purchased and milled to prepare fine flour passing through 80 mesh sieve. Common salt (Annapurna), asafetida (Ramdev premium), papadkhar (Laxmi), market sample (Lijjat papad) and refined groundnut oil (Fortune) were used in the study.
Preparation of sample for extrusion
For making extrudates pre-conditioning of sample was undertaken in which, initial moisture content of black gram flour was estimated and a calculated amount of water was added to obtain moisture content of about 18%. After addition of calculated amount of water into sample, the sample was packed in airtight sealable polyethylene bags and stored at refrigerated condition for uniform distribution and equilibration of moisture throughout the sample.
Extrusion cooking and thermal analysis
Extrusion cooking was performed with the help of twinscrew extruder (KETSE 20/40 Brabender GmbH and Co. KG, Duisburg, Germany) as suggested by Gat and Ananthanarayan (2015a) . Laboratory-scale-co-rotating extruder has 20:1 barrel length to diameter ratio and which is consisting four heating/cooling zones. Extruder was fitted with circular die of 4 mm diameter. During extrusion processing feed rate screw speed and die temperature were kept constant at 14 kg/h, 300 rpm and 180°C respectively. After completion of extrusion process black gram extruded were cooled to room temperature (25 ± 3°C). Ground extruded black gram flour was passed through 80 mesh sieve and then incorporated with raw un-extruded black gram flour at different desired proportions (25 and 50%) for preparation of papad. Thermal analysis of raw black gram (RBG) flour and extruded black gram (EBG) flour samples were evaluated with a differential scanning calorimeter (DSC-60, Shimadzu, India) as suggested by Gat and Ananthanarayan (2015b) .
Textural properties of papad dough
Texture evaluation of papad dough was performed using a texture profile analysis (TPA) in penetration mode. Hardness, stickiness, cohesiveness and springiness of different papad dough formulations (RBG flour, RBG flour incorporated with 25% EBG flour and RBG incorporated with 50% EBG flour) were measured with the help of 'TA.XT2i
Texture Analyzer' (Stable Micro Systems, Surrey, England) as suggested by Bajaj and Singhal (2007) .
Rheological properties of papad dough
Viscoelastic properties of three different papad dough formulations (RBG flour, RBG flour incorporated with 25% EBG flour and RBG incorporated with 50% EBG flour) were measured with the help of frequency sweep test by using a stress-controlled rheometer (MCR 101, Anton Paar, Austria), fitted with an aluminium parallel plate geometry (35 mm diameter and 1 mm gap) as suggested by Wu et al. (2010) . Rheological data analysis was performed using Rheoplus/32V3.40 software supplied by the manufacturer. The steady-state shear experiments were carried out in the shear rate. All rheological investigations were performed in triplicates for each sample.
Preparation of papad
Papads were prepared with standardized recipe and procedure devised by Ananthanarayan et al. (2018) with few modifications. Three different types of papads were prepared by following the above mentioned procedure with slight modifications in formulations as, (1) control sample containing (raw black gram i.e. RBG) flour, (2) RBG incorporated with 25% EBG flour and (3) RBG incorporated with 50% EBG flour.
Frying of papad
All three different formulations of papads were fried in refined groundnut oil for a total period of 40 s at 175°C and compared with market sample (Lijat papad). Until further analysis fried papad samples were packed in polyethylene bags and stored in air-tight containers.
Textural properties of fried papad
Texture of the fried papads was determined using a Stable Micro System TAXT2i texture analyzer (Serial No.4650, TEE version 2.64, UK). Ball probe was used for the measurement of texture of papad samples. Hardness (g) was expressed by the ratio: positive area of the texturogram/time. This parameter can be considered as the average force necessary to rupture the fried papad during the respective period of time. Ten measurements were performed for texture analysis of each sample and their average was taken as the mean value.
Colour measurement of fried papad
A HunterLab colourimeter (LabScan XE, Hunter associates laboratory, Reston, VA, USA) coupled with EasyMatch QC software was used for colour measurement (L*, a*, b*) of fried papads as suggested by Gat and Ananthanarayan (2016) .
Statistical analysis
Analysis of variance (ANOVA) test was carried out using commercial statistical package, SPSS ver. 11.5 (SPSS Inc., Chicago, IL, USA). All the analysis was recorded as mean ± SD of five replicates. Mean values were compared and significant differences were given using Duncan's LSD test (P B 0.05).
Results and discussion
Effect of extrusion on thermal properties of black gram flour Differential scanning calorimetry has been used to quantify the thermal changes in un-extruded and extruded black gram flour (Fig. 1) . Starch, when heated in the presence of excess water, undergoes gelatinization over a temperature range. Onset, peak and endset gelatinization temperatures of un-extruded black gram flour were 96.7, 108.1 and 134.8°C respectively and changed to 60.7, 89.9 and 124.4°C respectively on extrusion of black gram flour. The onset, peak and endset gelatinization temperatures values changed with extrusion due to partial gelatinisation of starch during extrusion processing. The difference in onset, peak and endset gelatinization temperatures in black gram starches may be attributed to the differences in amylose content and granular structure (Singh et al. 2004 ). Gelatinization enthalpy was higher for un-extruded black gram flour as compared to extruded black gram flour. The high gelatinization enthalpy of a starch suggests that the double helices (formed by the outer branches of adjacent amylopectin chains) that unravel and melt during gelatinization are strongly associated within the native granule (Hoover et al. 1997 ). On extrusion of black gram flour there was formation of amylose-lipid complex which lowered down gelatinization enthalpy of extrudate. These results of low gelatinization enthalpy value for starch may be due in part to the enthalpy of amylose-lipid complex formation during heating are in consistent with earlier study carried out by Juliano (1998) .
Effect of incorporation of extruded flour on textural properties of papad dough
Hardness of dough decreased significantly with addition of extruded flour (P B 0.05) (Table 1) due to reduction in the water holding capacity of dough after addition of extruded flour. In extrusion process the starch gets partially gelatinised which leads to lowering down the water holding capacity of dough. Dough of raw black gram has higher number of ungelatinized starch molecules which absorbs more water and resulted in hard dough. On the other hand stickiness of dough however increased significantly with addition of extruded black gram flour concentration due to reduced water holding capacity. Dough of raw black gram becomes very hard during processing due to cohesive nature of protein-carbohydrates matrix of black gram. In EBG this matrix diluted due to the presence of partially gelatinized starch. Dough rollability and softness is an important attributes from both engineering and processing viewpoints. Softening of dough with addition of EBG lowers down the energy requirement needed for softening the papad dough and increase efficiency of papad rolling.
Effect of incorporation of extruded flour on rheological properties of papad dough
The shear stress and shear rate relationship of dough is shown in Fig. 2 and which indicated that shear stress increases with increase in shear rate in all the samples revealing the non-Newtonian behaviour. Initially, shear stress increased very quickly up to 0.01 shear rate, after that stress was almost constant with respect to increase in shear rate. These results indicates that all dough formulations (raw black gram flour, RBG flour incorporated with 25% extruded flour and RBG incorporated with 50% extruded black gram flour) subjected to flow characterisation exhibited shear thinning behaviour. These results of shear thinning behaviour are in consistent with the earlier researchers for different products such as rice flour dough (Gujral et al. 2003) , wheat porridge (Gujral and Sodhi 2002) and pearl millet porridge (Yadav et al. 2012) .
Oscillation measurements for data of frequency sweeps for dough at different formulations were plotted as G 0 and G 00 in double logarithmic diagram, different lines with equal slope were obtained for different samples of dough (Eqs. 1-2). The oscillatory frequency was varied from 1 to 200 Hz. The storage modulus (G 0 ), loss modulus (G 00 ) and complex viscosity (g) were obtained, as function of frequency. The storage and loss modulus were modelled as a power function of oscillatory frequency used to explain viscoelastic behaviour of food samples.
When yield stress of a food is measurable, it can be included in the power law model and the model is known as the Herschel-Bulkley model for the dough. Shear-stress and shear-rate data were fitted to the rheological HerschelBulkley model (Eq. 3). The flow behavior index and fluid consistency index for the best-fitted equation was estimated by employing a non-linear regression analysis of viscosity/ shear-rate data.
where c is shear rate (s -1 ), r is shear stress (Pa), nH is the flow behavior index, K H is the consistency index, and r OH is yield stress.
The mechanical spectrum of dough was observed at 25°C. The graph (parameter vs angular frequency) showed that storage modulus values (G 0 ) were always higher than those of loss modulus (G 00 ) values in all the samples (Fig. 3) suggesting solid like elastic behaviour and was in coherence with results of Yadav et al. (2012) . Initially, there was sharp increase in storage modulus which can be related to hydration and swelling of amorphous regions of starch granules. After a particular point constant increase in storage modulus was observed.
As expected values of G 0 and G 00 showed rising behaviour whereas, complex viscosity showed decreasing behaviour ( Fig. 3) with angular frequency. Complex viscosity decreased with increasing shear rate revealing shear thinning behaviour. The value of n is less than 0.5 for Herschel-Bulkley model, which shows it is best fitted power law model. The increased shear rate deforms and rearranges starch particles resulting in lower flow resistance and consequently lower viscosity (Fig. 3) . As the level of incorporation of extruded flour increases, complex viscosity values decreased. Complex viscosity decreased with increase in EBG flour concentration (0, 25, 50, 100%) making the dough more sticky and loose (Fig. 3) . This nonNewtonian behaviour of dough can be well explained by power law. This behaviour is in coherence with finding of Maskat et al. (2013) . Starchy foods during extrusion result in gelatinization, molecular fragmentation and destruction of the crystalline structure by shearing and thermal effects into low molecular weight dextrins (Sarifudin and Assiry 2014) . Dextrins have higher solubility than native starch. This increased solubility is due to uncovering of hydrophilic groups by unfolding and loosening of biopolymer chains, greater availability and easier penetration of water molecules (Marzec and Lewicki 2006) .
Effect of incorporation of extruded flour on textural properties of fried papad
Texture of papad was studied, once the trigger force was attained, the force increased until the papad fractured into pieces. This was observed as the maximum force (breaking strength) and can be referred to as the 'hardness' of the sample. The lesser hardness of the sample associated with greater crispness. Table 1 documents the effect of addition of EBG flour on the textural characteristics of papad. At frying temperature due to starch gelatinization and physical changes occurred in blackgram proteins leads to increase in crispness of papad (Senthil et al. 2006) . Samples prepared with addition of EBG flour were crispier due to early and more gelatinisation of pregelatinized starch. It was observed that addition of EBG flour significantly alter the hardness of the papad (P B 0.05). Hardness of fried papad decreased with increased amount of EBG. Sample having 50% EBG resembles with the market sample in terms of crispness (hardness). Greater crispness (less hardness) in market sample might be due to presence of higher amount of papadkhar (sodium carbonate: sodium bicarbonate). A similar result of less hardness was observed by Senthil et al. (2006) where greater crispness may be due to the use of additives. During frying of market sample leavening agents (papadkhar) leached out into frying oil. Hence quality of frying oil was degraded at faster rate which even affects the frying cycles. A similar result of degradation of quality of frying oil was observed by Patil et al. (2005) . Present study reveals that crispness of papad can be achieved with addition of EBG and can avoid use of papadkhar concentration in papad.
Effect of incorporation of extruded flour on colour properties of fried papad
Colour of fried product is an important parameter and to be controlled during processing together with texture, moisture and oil contents. Colour of the fried product is a result of moisture loss, oil migration and Maillard reaction that depends on the amount of reducing sugar and amino acids (Krokida et al. 2001) . Experimental data of hunter colour parameters were shown in Table 2 . Colour properties were determined with the help of lightness (L*) and redness (a*) and yellowness (b*) values (Kaur et al. 2017) . Slight variation in L* values were observed among the raw and fried papads, whereas market sample showed very high L* values (Table 2 ). All a* values of raw papads were positive (3.58-3.93) indicating a fairly uniform tinge of red colour. Whereas after frying this fairly uniform tinge of red colour of all the fried papad samples increased. Raw as well as fried papad samples were more yellowish in colour as shown by comparatively higher b* values, and sample having 50% EBG added in RBG had the highest b* value (29.91). From Table 2 it was observed that b* values of the fried papads were higher than those of raw papads, indicating more yellowish tinge in the fried papads.
Conclusion
Present research demonstrated that partial replacement of RBG with EBG alters the dough properties by improving dough rollability and enhances quality of end product upon frying. Values of storage modulus and loss modulus showed rising behaviour whereas, complex viscosity showed decreasing behaviour with angular frequency. Results of present study exhibits that addition of EBG lowered down the energy requirement needed for softening the papad dough and increased efficiency of papad rolling. Also it helped in giving the lighter products, with low red intensity. Besides increasing the brightness incorporation of EBG also impart crispness to the fried Papad and can lower down the use of papadkhar concentration.
